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ARTICLE INFO ABSTRACT
Keywords: FM Fact Label is a tool for visualizing the characterizations of feature models based on their
Characterization metadata, structural measures, and analytical metrics. Although there are various metrics

Feature model available to characterize feature models, there is no standard method to visualize and identify

Metrics . unique properties of feature models. Unlike existing tools, FM Fact Label provides a standalone
Software product line X . . . . . .
Variability web-based platform for configurable and interactive visualization, enabling export to various
Visualization formats. This contribution is significant because it supports the Universal Variability Language
(UVL) and enhances the UVL ecosystem by offering a common representation of the results of
existing analysis tools.
Metadata
See Table 1.
Table 1
Code metadata.

Nr. Code metadata description Please fill in this column

C1 Current code version v1.0.0

Cc2 Permanent link to code/repository used for this code version https://doi.org/10.5281/zenodo.12794159

Cc3 Permanent link to Reproducible Capsule https://fmfactlabel.adabyron.uma.es/

Cc4 Legal Code License GNU General Public License (GPL)

Cc5 Code versioning system used git

C6 Software code languages, tools, and services used Python, JavaScript, HTML, CSS

Cc7 Compilation requirements, operating environments and dependencies Python 3.9, Flama, D3.js

Cc8 Link to developer documentation/manual https://fmfactlabel.github.io/

c9 Support email for questions horcas@uma.es

1. Motivation and significance

« Feature models (FMs) are the de facto standard for modeling variability in software product lines (SPLs), and the Universal Vari-
ability Language (UVL) is gaining traction as a textual language for specifying FMs. In practice, when handling large-scale FMs,
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Fig. 1. Software architecture FM Fact Label.

their textual representation (in UVL) or their visual representation (as a feature diagram) offer limited assistance in pinpointing
the distinguishing properties that make an FM unique. FM Fact Label contributes to the UVL ecosystem by providing a tool to
effectively visualize the information of an FM in terms of its metadata, and its structural and analytical metrics.

FM Fact Label offers a common representation of the characterization of an FM in the form of a fact label. Adhering to the
principles and best design practices from the visualization field [1], the tool provides an interactive and adaptable visualization,
enabling users to customize the presentation of the FM properties. The tool has been used for analysis and categorization of
FMs [2,3], and is currently being integrated within UVLHub [4], a repository of FMs.

FM Fact Label is a standalone web-based application where the user uploads an FM and a visualization of its characterization is
automatically generated which can be customized and exported to several formats.

Several collections of metrics for FMs are available in the literature [5,6], but they focus on assessing the evaluation of FM
maintainability, ignoring detailed description of an FM beyond quality. FM Fact Label allows SPL practitioners to better choice
their FMs in different scenarios (e.g., teaching purposes, scalability evaluation, model comparisons). While current SPL tools
such as FeatureIDE [7], Glencoe [8], SPLOT [9], and DyMMer [10] report syntactic and semantic statistics of FMs, they lack a
visualization component to efficiently convey the results outside the tool or IDE. FM Fact Label delegates the automated analysis
of FMs to flama [11], and uses D3 [12], a data-driven approach for visualization based on web standards. Moreover, FM Fact Label
provides more information, currently offering 46 metrics, compared to other SPL tools such as DyMMer (38 metrics), Glencoe
(27 metrics), FeatureIDE (16 metrics), and SPLOT (14 metrics).

2. Software description

FM Fact Label is a web-based application accessible online, which constructs a characterization of a given FM and produces its
visualization in the form of a fact label inspired by the nutrition fact label commonly seen in the food industry. This visualization aims
to clearly distinguish various types of information contained within the FM characterization: (1) The name of the FM; (2) Metadata of
the FM such as a brief description, keywords, author(s), year, domain, and DOI of the paper where it is published; (3) The structural
metrics or syntatical statistics of the FM, including the feature tree relations, cross-tree constraints, and other parameters; and (4)
The analysis results or semantical metrics obtained by reasoning on the FM (i.e., using a SAT or a BDD solver).

2.1. Software architecture

Fig. 1 outlines the tool’s architecture and technologies. The tool itself offers a web service to upload the FM and its metadata via
an online form (Web Service component). It supports FMs in UVL and FeatureIDE formats. The FM Characterization module
in the server-side gathers and manages all the FM information. We distinguish three kinds of information: metadata (FM Metadata),
structural metrics (FM Metrics), and analysis results (FM Analysis), treating all of them asan FM property. EachFM Property
includes a name, a description, and a parent property for hierarchical organization in the fact label. Properties are associated with an
FM Property Measure that provides the specific values of the property. For instance, the list of abstract features, their size, and
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Fig. 2. Fact label of an FM characterization and main functionalities of the tool.

ratio for the ABSTRACT FEATURES property. Analysis tasks are delegated to external tools, with the current implementation relying
on flama [11] (dark component in Fig. 1).

The tool encompasses 46 measures, with the possibility of being extended to include additional metrics from the SPL literature. All
information included in each FM Property and its FM Property Measure is serialized in JSON to send it to the client-side. The
fact label visualization is generated using D3 [12] on the client-side (Visualization component). D3 is based on web standards
(HTML, CSS, JavaScript, SVG, and JSON) to integrate visualization components and employs a data-driven approach for dynamic
transformations.

2.2. Software functionalities

The generated fact label is (1) completely customizable, and (2) interactive. This means, first, that all metadata are optional,
allowing users to input only relevant information. Second, configurable options enable users to selectively collapse or expand FM
sub-properties or hide properties with zero or empty values. Additionally, hovering over a property reveals its description in a
tooltip, while clicking on it reveals its specific value. Third, the configured visualization can be exported in high-quality SVG format
for inclusion in research publications or as a PNG image for online portability. Lastly, the entire FM characterization can be exported
in JSON format or plain text for interoperability with other SPL tools for further analysis such as statistical analysis of FMs’ datasets.

3. Illustrative examples

Fig. 2 depicts the fact label visualization and major functions of the tool. Ten real feature models are provided within the tool as
examples for its usage which can also be downloaded. A fact label of the Linux feature model (one of the largest models in the SPL
community) is available in [13].

4. Impact

« FM Fact Label improves the characterization of FMs beyond supporting their quality evaluation. The tool allows SPL practitioners
to answer questions such as which FMs can be used to evaluate a new algorithm implemented to optimize configurations?, or which are
the properties of the FMs that effect the scalability of your proposal?, or which FM is more appropriate for teaching purposes?, among
others.

* By including all fundamental information, not just maintenance metrics, the tool allows SPL practitioners to better select their
FMs in different scenarios. For instance, for teaching purposes, a small FM that includes at least one feature and relation of each
type (e.g., an or-group, an xor-group, a requires and an excludes constraint, a dead-feature) is more appropriate than a large



J.-M. Horcas, J.A. Galindo, L. Fuentes et al. Science of Computer Programming 240 (2025) 103214

FM that cannot even be completely visualized in a feature diagram. In contrast, to evaluate the scalability of a new analysis
operation, a large-scale FM with thousands of features and constraints may be preferable [3].

Thanks to FM Fact Label tool, users can now focus on the FM itself without the burden of acquiring or analyzing its properties.
There is no need for users to install or manage separate analysis tools.

From the first release of the FM Fact Label in 2022 [13], the tool has received 13 citations according to Google Scholar, includ-
ing [2-4].

The tool is currently being integrated into UVLHub [4]. UVLHub is a repository of FMs datasets using UVL and Open Science
principles developed by several partners of the SPL community.

5. Conclusions

FM Fact Label facilitates the generation of common visualizations representing FM characterizations through the integration of FM
metadata, syntactical metrics, and analytical data. Its adaptable architecture allows for seamless integration into the UVL ecosystem
and easy extension to accommodate other FM analysis tools and additional metrics. This tool helps SPL practitioners to discern the
unique attributes of FMs and select the most suitable FM for their specific requirements. We anticipate the integration of FM Fact
Label into various tools as an independent component [4].

6. Future plans

We plan to expand FM Fact Label to characterize datasets of FMs, and incorporate additional features such as thresholds for the
metrics, and configuration options such as a horizontal visualization of the label. A complete list of planned features is available in
the GitHub project.
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